Introduction 1 2
Amoebae from the genus Acanthamoeba are the causative agents of Acanthamoeba 3 keratitis (AK), a sight threatening eye infection, and granulomatous amoebic encephalitis 4 (GAE), a condition that predominantly occurs in immunocompromised individuals and which 5 is typically fatal (Schuster and Visvesvara, 2004; Walochnik et al., 2008) . In GAE, the skin 6 and occasionally the olfactory neuroepithelium are thought to act as portals of entry, and 7 inflammation may be observed at these primary foci. Descriptions of approximately 150 cases 8 of GAE caused by Acanthamoeba have been published worldwide, and less than 10 of these 9 patients have survived (Schuster and Visvesvara, 2004; Walochnik et al., 2008) . A. culbertsoni 10 causes GAE (Martinez, 1991) by triggering cell necrosis, as it causes cytopathic effects on 11 target cell, such as contraction, vesiculation and nuclear condensation (Shin et al., 2001) . 12 Acanthamoeba trophozoites destroy nerve cells by contact-dependent cytolysis and also by the 13 ingestion of nerve cells through amoebastomes (Pettit et al., 1996) .
14 During the process of AK it is reported that direct contact between the amoebae and the 15 cornea is important in the development of the full pathogenic process (Cao et al, 1998; 16 Gonzalez- Robles et al, 2006) and the interaction with the host cell is mediated through surface 17 carbohydrates. Some of the proteins involved have been identified (Shin and Im, 1992; Lee et 18 al., 2007; Kim et al., 2012) , but most importantly, a mannose-binding protein (MBP) has been 19 identified as mediating host cell adhesion with Acanthamoeba (Garate et al., 2004; Kim et al., 20 2012; Yoo and Jung, 2012; Khan, 2007) . Incubation of amoebae with mannose resulted in Antibodies against Naegleria fowleri antigens, another pathogenic free-living amoeba 2 have proven useful to diagnose infections in experimental animals (Kollars and Wilhelm, 1996; 3 Lee, 2007; Ryu & Im, 1992) . In this study, a monoclonal antibody to A. culbertsoni MBP was 4 produced to aid the study of the protein's function in infection. This antibody was used in 5 immunocytochemistry to localize MBP and may be useful in diagnosis of GAE. MO, USA) at weekly intervals for a period of 2 weeks (Seong, 2016) . At the two weeks after 10 the 5 th immunization, sera from the tail of the mice were taken and measured for antibody titers.
11
After the mice antibody titer was confirmed increased, 25 ng of MBP antigen was injected 12 intravenously into the mice tail for boosting. After four days, the mice spleens were extracted 13 and were used in cell fusion. All experiments to use animals were approved by Namseoul 14 Animal Committee (NSU-16-04). In order to analyze the purified MBP and evaluate the monoclonal antibody to react the 1 purified MBP, SDS-PAGE and western blot were performed as described by Laemmli 2 (Laemmli, 1970; Seong et al., 2017) . The samples were mixed SDS-PAGE buffer containing Enzyme-linked immunosorbent assay (ELISA) was performed to evaluate the polyclonal 21 sera and the monoclonal antibodies from hybridomas. Briefly, the purified MBP at 1 µg/ml 22 mixed with coating buffer (0.05 M carbonate-bicarbonate, pH 9.6) was coated onto 96-well 23 9 ELISA plates and then blocked with 3% bovine serum albumin (BSA) (Sigma-Aldrich Co., St.
1 Louis, MO, USA) in PBS for 37℃ for 1 h. After the plates were washed three times with PBST, 2 each serum was diluted to 1:200 in PBS (pH 7.2). In particular, for the hybridomas, 100 µl of 3 culture supernatants in 96-well culture plates was added. After the incubation at 37℃ for 2 h, To observe the localization of the MBP in trophozoites, immunocytochemistry was 13 performed. The trophozoites were cultured at 6-well cell culture plate overnight. After the 14 culture medium was discarded, the trophozoites were washed with 0.82% saline three times. 15 200 µl of 10% formalin in 0.85% saline was added and the plate was incubated at RT for 50 16 min. The trophozoites were washed with 0.82% saline three times, added 200 µl of 1% NH4OH 17 to render them permeable, and then incubated at RT for 20 min. The following washing steps 18 were same above. After blocking with 3% BSA in 0.85% saline, the cells were incubated with MBP immunization was performed five times to BALB/c mice and their sera were isolated 15 from their tails. The polyclonal antibody titer was confirmed in the mice serum by ELISA.
16
Among 10 mice, only three mice were chosen due to high titer. The titer ranged between 0.277 17 and 0.598, which was reflected with absorbance at 405 nm (Fig. 2) . The mouse showing the 18 highest titer (0.598) was used as the source of hybridoma cells. All clones showing group formation were grown in a 96-well culture plate, and the selected 23 11 hybridoma clones were transferred into a 75T flask culture flask. A hybridoma, 2BA9 of higher 1 titer was selected and its absorbance of the 2BA9 clones from a 75T flask culture flask was 2 increased to 3.968 (Fig. 3A) . The 2BA9 clones were transferred into 96-well plates and then 3 were limit-diluted. Finally, DG11 of a limit diluted-monoclonal antibody was selected and its The monoclonal antibody of DG11 was analyzed for isotyping by a mouse monoclonal 10 antibody isotyping kit (Roche, BS, EU). It represented a IgM class of kappa chain (data not 11 shown). To observe whether DG11 of a monoclonal antibody reacted with the purified MBP of 12 about 83 kDa, western blot was performed. As with the data of silver staining, the DG11 was 13 reacted with a purified MBP band (Fig. 4) . 
Localization of MBP by immunocytochemistry 16
In order to observe the localization of the MBP, immunocytochemistry was performed by 17 polyclonal serum and DG11 monoclonal antibody (Fig. 5) . The MBP by polyclonal antibody 18 and DG11 was shown widely distributed in cytoplasm and cell membranes. In particular, as 19 shown at DG11, when the amoeba moved forward, the MBP was concentrated in the direction 20 of its movement (Fig. 5 ). For the cross-reactivity, A. castellanii, A. polyphaga and A. astronyxis 21 did not show fluorescence by DG11 above. with the cause of infiltration and infection to a host, and also has an effect on the defense 10 mechanism of a parasite against a host, nutrition supply, and life cycle (North, 1982) . 
18
The MBP gene in A. culbertsoni has not been characterized yet but the MBP gene in A. 19 castellanii has been (Garate et al., 2004; Garate et al., 2005; Niyyati et al., 2008) . Cloning of 20 MBP gene in A. castellanii revealed that it is composed of about 3,620 bp with 5 introns and 6 21 exons and encodes a protein with 833 amino acids (Garate et al., 2004) . It runs with an apparent 22 molecular weight of 130 kDa on gels. We have found that MBP in A. culbertsoni ran at 83 kDa 1 on gels similar with the size of predicted 85 kDa MBP in A. castellanii (Garate et al, 2004. 2 Finally, DG11, IgM of kappa chains was produced and in the analysis of its localization, when 3 the amoeba moved forward, the MBP was concentrated in the direction of its movement as 4 shown at C1 of the Fig. 4 . It implied that MBP concentrated in the movement would be 
